Importance of transmembrane segment M1 of the sarcoplasmic reticulum Ca2+-ATPase in Ca2+ occlusion and phosphoenzyme processing.
The functional consequences of a series of point mutations in transmembrane segment M1 of sarcoplasmic reticulum Ca2+-ATPase were analyzed in steady-state and transient kinetic experiments examining the partial reaction steps involved in Ca2+ interaction and phosphoenzyme turnover. Arginine or leucine substitution of Glu51, Glu55, or Glu58, located in the N-terminal third of M1, did not affect these functions. Arginine or leucine substitution of Asp59, located right at the bend of M1 seen in the crystal structure of the thapsigargin-bound form, caused a 10-fold increase of the rate of Ca2+ dissociation toward the cytoplasmic side. Mutation of Leu60 to alanine or proline and of Val62 to alanine also enhanced Ca2+ dissociation, whereas an 11-fold reduction of the rate of Ca2+ dissociation was observed upon alanine substitution of Leu65, thus providing evidence for a relation of the middle part of M1 to a gating mechanism controlling the dissociation of occluded Ca2+ from its membranous binding sites. Moreover, phosphoenzyme processing was affected by some of the latter mutations, in particular leucine substitution of Asp59, and alanine substitution of Leu65 accelerated the transition to ADP-insensitive phosphoenzyme and blocked its dephosphorylation, thus demonstrating that this part of M1, besides being important in Ca2+ interaction, furthermore, is a critical element in the long range signaling between the transmembrane domain and the cytoplasmic catalytic site.